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(54) Image sensor

the basis of the instruction from the switching instruction
part23A, the N switches SW, to SW\ carry out the switch-
ing operation so that the N switches SW, to SWy are set
to the close state in the different periods and the interval
at which each switch SW,, is set to the close state is equal
to an integral multiple of a base period. As described
above, the charge accumulation time of each of the N
photodiodes PD, to PDy is set to an integral multiple of
the base period.

(57)  Animage sensor 20A contains a photodiode ar-
ray portion 21, a signal processor 22, a switching instruc-
tion part 23A and a control part 24A. Each switch SW,
is provided between the corresponding photodiode PD,,
and the common output line L, and instructed to carry
out the switching operation by the switching instruction
part 23A so as to be closed, whereby the charges accu-
mulated in the junction capacitance portion of the photo-
diode PD,, are output to the common output line L. On
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an image sen-
sor containing plural photodiodes.

Related Background of the Invention

[0002] Animage sensor containing plural photodiodes
is used for a spectroscopic device, for example. In the
spectroscopic device, light in some wavelength band
which is output from a light source is made incident to a
sample, light which is a part of the incident light and trans-
mitted through the sample is spectroscopically separated
by a spectroscope, and then the spectroscopically sep-
arated light beams having respective wavelengths are
detected by the image sensor. In such a spectroscopic
device, it is common that the intensity spectrum I(A) of
light output from the light source and the detecting sen-
sitivity spectrum D(A) of each photodiode contained in
the image sensor are not flat in wavelength bands used
for spectroscopic measurements.

[0003] Furthermore, the photodiode generates charg-
es whose amount corresponds to the amount of light re-
ceived, and accumulates the thus generated charges into
a junction capacitance portion. When the junction capac-
itance portion is electrically connected to another circuit,
the charges which have been accumulated in the junction
capacitance portion until then are transmitted to the cir-
cuit concerned. However, the amount of charges to be
accumulated in the junction capacitance portion of the
photodiode is limited. When the amount of light received
is small, the accumulated charge amount is proportional
to the amount of light received, however, when the
amount of light received is large, the accumulated charge
amount is saturated.

[0004] As described above, it is required to set the
charge accumulation time in the spectroscopic device so
that the accumulated charge amount in the junction ca-
pacitance portion of the photodiode is not saturated at a
wavelength A at which the product (I(A)sD(A)) with the
intensity spectrum I(A) of light output from the light source
and the detecting sensitivity spectrum D()) of the photo-
diode has a peak. An image sensor contained in a spec-
troscopic device disclosed in Japanese Patent No.
3,572,681 is designed so that the charge accumulation
time is set to be as long as possible to the extent that the
accumulated charge amount is not saturated at a wave-
length A at which the product (I(A)eD()A)) has a peak,
whereby a spectroscopic measurement having high sen-
sitivity can be performed.

SUMMARY OF THE INVENTION

[0005] In the spectroscopic device containing the im-
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age sensor as disclosed in the above Patent Document
1, it is possible to carry out a high-sensitivity spectro-
scopic measurement in a wavelength range where the
product (I(A)sD(A)) is large. However, in a wavelength
range where the product (I(A)*D())) is small, noise com-
ponents cannot be disregarded with respect to signal
components and thus the sensitivity is low.

[0006] The present invention has been implemented
to solve the above problem point, and has an object to
provide a spectroscopic device that can perform high-
sensitivity spectroscopic measurements in each wave-
length, and an image sensor suitably used for the spec-
troscopic device as described above.

[0007] An image sensor according to the present in-
vention is characterized by including: (1) N photodiodes
PD, to PDy each of which generates charges whose
amount corresponds to the amount of light received; (2)
N switches SW, to SW\ that are provided in one-to-one
correspondence to the N photodiodes PD, to PDy, each
of the N switches being provided between the corre-
sponding photodiode and a common output line; and (3)
a switching instruction part for instructing a switching op-
eration of each of the N switches SW, to SW\,. Further-
more, the switching instruction part sets the respective
N switches SW, to SW\ to a close state in different pe-
riods, and instructs the switching operation of each switch
SW, so that the interval of the close state of each switch
SW, is equal to an integral multiple of a base period.
Here, N represents an integer of 2 or more, and n repre-
sents each integer from 1 to N.

[0008] In this image sensor, the n-th photodiode PD,,
of the N photodiodes PD, to PDy and the n-th switch
SW, of the N switches SW, to SWy are provided in cor-
respondence with each other. Each switch SW,, is pro-
vided between the corresponding photodiode PD,, and
the common output line, and it carries out the switching
operation in response to an instruction from the switching
instruction part to be closed, so that the charges accu-
mulated in the junction capacitance portion of the photo-
diode PD,, are output to the common output line. On the
basis of the instruction from the switching instruction part,
the N switches SW, to SWy are respectively set to the
close state in different periods, and also carry out the
switching operation so that the interval at which each of
the switches SW,, is set to the close state is equal to an
integral multiple of the base period. As described above,
the charge accumulation time of each of the N photodi-
odes PD, to PDy is set to an integral multiple of the base
period.

[0009] The switching instruction part preferably con-
tains (a) a shift register for successively outputting each
of switching instruction signals S; to Sy for instructing
the switching operation of the N switches SW, to SWy
as a value instructing the close state, and (b) N gate
circuits G4 to Gy that are provided in one-to-one corre-
spondence to the N switches SW, to SW\. In this case,
itis preferable that each gate circuit G, inputs the switch-
ing instruction signal S,, output from the shift register and



3 EP 1736 751 A1 4

also inputs a control signal T,,, whereby when the control
signal T,, is equal to a first value, each gate circuit G,
directly outputs the switching instruction signal S, to the
switch SW,,, and when the control signal T,, is equal to a
second value, each gate circuit G,, outputs the switching
instruction signal having a value instructing an open state
to the switch SW,,. It is also preferable that each gate
circuit G, inputs the switching instruction signal S, output
from the shift register and also inputs a common control
signal T, whereby when the control signal T is equal to
a first value, each gate circuit G, directly outputs the
switching instruction signal S, to the switch SW,,, and
when the control signal T, is equal to a second value,
each gate circuit G, outputs the switching instruction sig-
nal having a value instructing an open state to the switch
SW,,. Each gate circuit G,, is constructed by a logic circuit
such as an AND circuit or the like, and the first value and
the second value are set so that one of the values is set
to a high level while the other is set to a low level.
[0010] Whenthe switchinginstruction partis construct-
ed as described above, each switching instruction signal
S,, for instructing the switching operation of the switch
SW, is output from the shift register and input to the gate
circuit G,,. The switching instruction signal supplied from
each gate circuit G, to the switch SW, remains as the
switching instruction signal S,, when the control signal T,
or the common control signal T is equal to the first value,
and the switching instruction signal concerned is set to
the value instructing the open state when the control sig-
nal T, or the common control signal T, is equal to the
second value. That is, the charge accumulation time of
the photodiode PD,, is set to an integral multiple of the
base period on the basis of the control signal T,, or the
common control signal T.

[0011] The image sensor according to the present in-
vention is preferably further provided with a signal proc-
essor for accumulating charges input from each photo-
diode PD,, through the switch SW,, and the common out-
putline into a variable capacitance portion whose capac-
itance value is variable, and outputting the voltage value
corresponding to the ratio between the amount of charg-
es accumulated in the variable capacitance portion and
the capacitance value of the variable capacitance por-
tion. In this case, the charges output from each photodi-
ode PD,, through the switch SW,, to the common output
line are input to the signal processor and accumulated
inthe variable capacitance portion contained in the signal
processor, and the voltage value corresponding to the
ratio between the amount of charges accumulated in the
variable capacitance portion and the capacitance value
of the variable capacitance portion is output from the sig-
nal processor.

[0012] A spectroscopic device according to the
present invention is characterized by including: a light
source for outputting light; a spectroscope for spectro-
scopically separating light output from the light source
and transmitted through a sample; and the above-de-
scribed image sensor for receiving light of each wave-

10

15

20

25

30

35

40

45

50

55

length which is spectroscopically separated by the spec-
troscope. In the spectroscopic device, light which is a
part of light output from the light source and transmitted
through the sample is spectroscopically separated by the
spectroscope and then received by the image sensor.
[0013] According to the present invention, a high-sen-
sitivity spectroscopic measurement can be performed at
each wavelength.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Fig. 1is a schematic diagram showing the con-
struction of a spectroscopic device 1 according to an em-
bodiment;

[0015] Fig. 2 is a diagram showing the construction of
an image sensor 20A according to a first embodiment;
[0016] Fig. 3 is a timing chart showing the operation
of the image sensor 20A according to the first embodi-
ment;

[0017] Fig. 4 is a diagram showing the construction of
an image sensor 20B according to a second embodi-
ment; and

[0018] Fig. 5 is a timing chart showing the operation
of the image sensor 20B according to the second em-
bodiment.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0019] Preferred embodiments for implementing the
present invention will be described in detail with refer-
ence to the accompanying drawings. In the description
of the drawings, the same elements are represented by
the same reference numerals, and overlapping descrip-
tion thereof is omitted.

[0020] (Embodiment of Spectroscopic Device)

[0021] First, an embodiment of the spectroscopic de-
vice according to the present invention will be described.
Fig. 1is a diagram showing the construction of the spec-
troscopic device 1 according to the embodiment. The
spectroscopic device 1 shown in Fig. 1 is provided with
a light source 11, a lens 12, a shutter 13, a sample cell
14, a slit 15, a diffraction grating 16 and an image sensor
20.

[0022] The light source 11 outputs light in some wave-
length band, for example. It contains a deuterium lamp
and a tungsten lamp, for example, and turns on these
two lamps atthe same time to output lightin a broadband.
The lens 12 condenses light output from the light source
11. The shutter 13 is provided at the rear stage of the
condensing lens 12, and sets whether light is made inci-
dent to the sample cell 14. The sample cell 14 is a cell
in which a sample as a measurement target is inserted.
Light transmitted through the shutter 13 is made incident
to the sample, and light transmitted through the sample
is emitted. The diffraction grating 16 is a concave reflec-
tion type diffraction grating, and it acts as a spectroscope
for inputting light emitted from the sample cell 14 and is
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then passed through the slit 15 and spectroscopically
separates the light thus input.

[0023] Theimage sensor 20 contains a photodiode ar-
ray portion 21 and a signal processor 22. The photodiode
array portion 21 includes N photodiodes PD, to PDy ar-
ranged, and receives light of each wavelength A, spec-
troscopically separated by the diffraction grating 16 by
each photodiode PD,,. The charge accumulation time in
each photodiode PD,, is variable. The signal processor
22 inputs charges output from each photodiode PD,, con-
tained in the photodiode array portion 21 and outputs the
voltage value corresponding to the charge amount and
the charge accumulation time. Here, N represents an in-
teger of 2 or more, and n represents any integer from not
less than 1 to not more than N.

[0024] In this spectroscopic device 1, light output from
the light source 11 is condensed by the lens 12, passed
through the shutter 13 and then incident to the sample
in the sample cell 14. Light out of the incident light, which
is transmitted through the sample in the sample cell 14,
is passed through the slit 15 and then spectroscopically
separated by the diffraction grating 16. Light of each
wavelength A, thus spectroscopically separated is re-
ceived by the photodiode PD,, contained in the photodi-
ode array portion 21. The voltage value corresponding
to the amount of charges output from each photodiode
PD,, and the charge accumulation time is output from the
signal processor 22.

[0025] As described above, the spectrum of the light
passed through the sample in the sample cell 14 is meas-
ured by the image sensor 20. Furthermore, the spectrum
of light when no sample is inserted in the sample cell 14
is also measured by the image sensor 20. A transmission
spectrum of the sample in the sample cell 14 is deter-
mined from the two spectra. It is preferable to carry out
dark current correction on the basis of a result measured
by the image sensor 20 in a state that the light source 11
is turned off and the shutter 13 is closed. Furthermore,
it is also preferable to carry out background correction
on the basis of a result measured by the image sensor
20 in a state that the light source 11 is turned off and the
shutter 13 is opened.

[0026] (First Embodiment of Image Sensor)

[0027] Next, a first embodiment of the image sensor
according to the present invention will be described. Fig.
2 is a diagram showing the construction of an image sen-
sor 20A according to the first embodiment. The image
sensor 20A shown in Fig. 2 is suitably used as an image
sensor 20 contained in the spectroscopic device 1 shown
in Fig. 1, and contains a switching instruction part 23A
and a control part 24A in addition to the photodiode array
portion 21 and the signal processor 22.

[0028] The photodiode array portion 21 contains the
N photodiode PD; to PDy and the N switches SW, to
SWy. With respect to each photodiode PD,,, the anode
terminal thereof is grounded and the cathode terminal
thereof is connected to one end of the switch SW,,, and
it generates charges whose amount corresponds to the
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amount of light received. Each photodiode PD,, accumu-
lates the charges into the junction capacitance portion
thereof when the switch SW,, is opened, and outputs the
charges to a common output line L when the switch SW,,
is closed. Each switch SW, is provided between the cor-
responding photodiode PD, and the common output line
L.

[0029] The signal processor 22 contains an amplifier
A, capacitors C1 to C3 and switches SWO0 to SW3. The
input terminal of the amplifier A is connected to the com-
mon output line L. The capacitor C1 and the switch SW1
are connected to each other in series, and provided be-
tween the input and output terminals of the amplifier A.
The capacitor C2 and the switch SW2 are connected to
each other in series and provided between the input and
output terminals of the amplifier A. The capacitor C3 and
the switch SW3 are connected to each other in series,
and provided between the input and output terminals of
the amplifier A. The switch SWO0 is provided between the
input and output terminals of the amplifier A.

[0030] The capacitors C1to C3 and the switches SW1
to SW3 constitute the variable capacitance portion whose
capacitance value is variable. The capacitance value of
the variable capacitance portion is changed in accord-
ance with the switching state of each of the switches SW1
to SW3. When all the switches SWO0 to SW3 are closed,
each of the capacitors C1 to C3 is discharged. Further-
more, when the switch SWO is opened, input charges are
accumulated in the variable capacitance portion. The sig-
nal processor 22 can accumulate charges input from
each photodiode PD,, through the switch SW,, and the
common output line L into the variable capacitance por-
tion, and output the voltage value corresponding to the
ratio between the charge amount accumulated in the var-
iable capacitance portion and the capacitance value of
the variable capacitance portion.

[0031] The switching instruction part 23A instructs the
switching operation of each of the N switches SW;, to
SWy contained in the photodiode array portion 21. In
particular, the switching instruction part 23A instructs the
switching operation of each switch SW,, so that the N
switches SW, to SW\ are setto the close state in different
periods, and also the interval at which the respective
switches SW,, are set to the close state is equal to an
integral multiple of a base period T.

[0032] Specifically, the switching instruction part 23A
contains a shift register SR and N gate circuits G4 to Gy.
The shift register SR successively outputs the switching
instruction signals S; to Sy for instructing the switching
operation of the N switches SW, to SWy as a value in-
structing the close state on the basis of a start signal and
a clock signal output from the control part 24A. Each gate
circuit G, is provided in correspondence with the switch
SW,,. It inputs the switching instruction signal S, output
from the shift register SR, and also inputs a control signal
T,, output from the control part 24A. When the control
signal T,, is equal to a first value, each gate circuit G,
directly outputs the switching instruction signal S, to the



7 EP 1736 751 A1 8

switch SW,,, and when the control signal T, is equal to a
second value, each gate circuit G,, outputs the switching
instruction signal having a value indicating the open state
to the switch SW,,.

[0033] A proper logic circuit (AND circuit, OR circuit,
NAND circuit, NOR circuit or the like) is selected for each
gate circuit G, in accordance with the polarity of the signal
instructing the switching operation of the switch SW,,, the
polarity of the switching instruction signal S, output from
the shift register SR and the polarity of the control signal
T,, output from the control part 24A. For example, it is
assumed that the switch SW,, is closed when the signal
instructing the switching operation of the switch SW,, is
set to a high level, the switching instruction signal S,
instructs the close state of the switch SW, when the
switching instruction signal S,, output from the shift reg-
ister SR is set to a high level, and the gate circuit G,
directly outputs the switching instruction signal S, to the
switch SW,, when the control signal T, output from the
control part 24A is set to a high level. In this case, the
gate circuit G, may be constructed by an AND circuit.
This condition is assumed to be satisfied when the op-
eration is described hereunder.

[0034] The control part 24A outputs a signal for con-
trolling the operation of each of the signal processor 22
and the switching instruction part 23A. Specifically, the
control part 24A outputs a signal for controlling the switch-
ing operation of each of the switches SWO0 to SW3 con-
tained in the signal processor 22, outputs the start signal
and the clock signal to the shift register SR contained in
the switching instruction part 23A, and outputs the control
signal T,, to each gate circuit G, contained in the switching
instruction part 23A.

[0035] Next, an example of the operation of the image
sensor 20A according to the first embodiment will be de-
scribed. Fig. 3 is a timing chart showing the operation of
the image sensor 20A according to the first embodiment.
The start signal and the clock signal supplied from the
control part 24A to the shift register SR, the switching
instruction signals S, to Sg output from the shift register
SR, the control signals T to Tg supplied from the control
part 24A to the gate circuits G4 to Gg and the amount of
charges passed through the common output line L and
input to the signal processor 22 are shown from the upper
side in Fig. 3.

[0036] In this case, the value of N is set to 6. Further-
more, it is assumed that the switching instruction part
23Ainstructs the switching operation of each switch SW,
so that the interval at which each switch SW,, is set to
the close state is equal to be one to four times as long
as the base period T. The capacitance values of the ca-
pacitors C1 to C3 contained in the signal processor 22
may be set to C, 2C and 4C, and the capacitance value
of the variable capacitance portion may be set to any one
of C, 2C, 3C (=C+2C) and 4C. The following operation
is carried out under the control of the control part 24A.
[0037] Eachofthe start signal and the clock signal sup-
plied from the control part 24A to the shift register SR is
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a periodic signal whose level is varied at a fixed period.
The period of the start signal is represented by T, and
the period of the clock signal is shorter than T. In the
following description, the period from some rising time of
the start signal until the next rising time is referred to as
"cycle." The time of each cycle is equal to T. Furthermore,
the clock signal contains at least N (in this case, N=6)
pulses for the period from some falling time of the start
signal until the next rising time.

[0038] The shift register SR is initialized at the rising
time of the start signal, and then the switching instruction
signals S, to Sg for instructing the switching operation of
the respective switches SW, to SWq are successively
output as a value instructing the close state at eachrising
time of the subsequent clock signal. Thatis, in each cycle,
the switching instruction signals S, to Sg output from the
shift register SR are successively set to a high level.
[0039] The control signals T, to Tg supplied from the
control part 24A to the gate circuits G, to Gg are as fol-
lows. Each of the control signals T and Tg is set to a
high level in a first cycle, to a low level in second and
third cycles, and to a high level in fourth and fifth cycles.
Each of the control signals T, and Ty is set to a high level
in the first cycle, to a low level in the second cycle, to a
high level in the third cycle, to a low level in the fourth
cycle, and to a high level in the fifth cycle. The control
signal T is set to a high level in the first and second
cycles, to a low level in the third and fourth cycles, and
to a high level in the fifth cycle. Furthermore, the control
signal T, is set to a high level in the first cycle, to a low
level in the second to fourth cycles and to a high level in
the fifth cycle.

[0040] The switching instruction signal output from
each gate circuit G,, to the switch SW,, is still the switching
instruction signal S, output from the shift register SR dur-
ing the cycle in which the control signal T, is set to a high
level, however, it has a value instructing the open state
during the cycle in which the control signal T, is setto a
low level. Thatis, the switching instruction signal supplied
from each gate circuit G, to the switch SW, has a value
instructing the close state when both the switching in-
struction signal S, output from the shift register SR and
the control signal T, are set to a high level, and it has a
value instructing the open state when any one of the
switching instruction signal S, and the control signal T,
is set to a low level.

[0041] Accordingly, the switching instruction signal
output from the gate circuit G, to the switch SW; is still
the switching instruction signal S; output from the shift
register SR in the first, fourth and fifth cycles, however,
ithas a value instructing the open state in the other cycles.
The switching instruction signal output from the gate cir-
cuit G, to the switch SW; is still the switching instruction
sighal S, output from the shift register SR in the first, third
and fifth cycles, however, it has a value instructing the
open state in the other cycles.

[0042] The switching instruction signal output from the
gate circuit G5 to the switch SWj is still the switching
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instruction signal S5 output from the shift register SR in
the first, second and fifth cycles, however, it has a value
instructing the open state in the other cycles. The switch-
ing instruction signal output from the gate circuit G, to
the switch SW, is still the switching instruction signal S,
outputfrom the shiftregister SRin the first and fifth cycles,
however, it has a value instructing the open state in the
other cycles.

[0043] The switching instruction signal output from the
gate circuit G to the switch SWjs is still the switching
instruction signal Sg output from the shift register SR in
the first, third and fifth cycles, however, it has a value
instructing the open state in the other cycles. The switch-
ing instruction signal output from the gate circuit Gg to
the switch SWy is still the switching instruction signal Sg
output from the shift register SR in the first, fourth and
fifth cycles, however, it has a value instructing the open
state in the other cycles.

[0044] Each switch SW,, contained in the photodiode
array portion 21 is closed for some period when the
switching instruction signal arriving from the gate circuit
G, is set to a high level, and opened in another period.
In each of the first and fifth cycles, the switches SW/ to
SWj are successively closed.

[0045] The switch SW is closed when the switching
instruction signal S is set to a high level during the fifth
cycle, whereby the charges accumulated in the junction
capacitance portion of the photodiode PD, are output to
the signal processor 22 via the common output line L
during the period T subsequent to the time when the
switching instruction signal S is set to a high level during
the preceding fourth cycle. The switch SW, is closed
when the switching instruction signal S, is set to a high
level during the fifth cycle, whereby the charges accu-
mulated in the junction capacitance portion of the photo-
diode PD, are output to the signal processor 22 via the
common output line L during the time 2T subsequent to
the time when the switching instruction signal S, is set
to a high level during the preceding third cycle.

[0046] The switch SWj is closed when the switching
instruction signal S; is set to a high level during the fifth
cycle, whereby the charges accumulated in the junction
capacitance portion of the photodiode PD; are output to
the signal processor 22 via the common output line L
during the time 3T subsequent to the time when the
switching instruction signal S; is set to a high level during
the preceding second cycle. The switch SW, is closed
when the switching instruction signal S, is set to a high
level during the fifth cycle, whereby the charges accu-
mulated in the junction capacitance portion of the photo-
diode PD, are output to the signal processor 22 via the
common output line L during the time 4T subsequent to
the time when the switching instruction signal S, is set
to a high level during the preceding first cycle.

[0047] The switch SWy is closed when the switching
instruction signal S is set to a high level during the fifth
cycle, whereby the charges accumulated in the junction
capacitance portion of the photodiode PD5 are output to
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the signal processor 22 via the common output line L
during the time 2T subsequent to the time when the
switching instruction signal Sy is set to a high level during
the preceding third cycle. The switch SWy is closed when
the switching instruction signal Sg is set to a high level
during the fifth cycle, whereby the charges accumulated
in the junction capacitance portion of the photodiode PDg
are output to the signal processor 22 via the common
output line L during the period T subsequent to the time
when the switching instruction signal Sg is set to a high
level during the preceding fourth cycle.

[0048] As described above, the charges passed
through the common output line L and then input to the
processor 22 in the fifth cycle correspond to the charges
accumulated in the junction capacitance portion during
the period T with respect to the photodiode PD1, the
charges accumulated in the junction capacitance portion
during the time 2T with respect to the photodiode PD,,
the charges accumulated in the junction capacitance por-
tion during the time 3T with respect to the photodiode
PDs, the charges accumulated in the junction capaci-
tance portion during the time 4T with respect to the pho-
todiode PD,, the charges accumulated in the junction
capacitance portion during the time 2T with respect to
the photodiode PDg, and the charges accumulated in the
junction capacitance portion during the period T with re-
spect to the photodiode PDg. As described above, the
interval at which each switch SW, is set to the close state
is equal to an integral multiple of the base period T,
whereby the charge accumulation time in each photodi-
ode PD,, is also equal to an integral multiple of the base
period T.

[0049] In the fifth cycle, the charges which are passed
from each photodiode PD,, through the switch SW,, and
the common output line L and then input to the signal
processor 22 are accumulated in the variable capaci-
tance portion of the signal processor 22, and the voltage
value corresponding to the ratio between the amount of
charges accumulated in the variable capacitance portion
and the capacitance value of the variable capacitance
portion is output from the signal processor 22. The ca-
pacitance value of the variable capacitance portion is set
in proportion to the charge accumulation time in each
photodiode PD,, for generating charges to be accumu-
lated.

[0050] That is, when the charges input from the pho-
todiode PD, are accumulated in the variable capacitance
portion, the capacitance value of the variable capaci-
tance portion is set to C. When the charges input from
the photodiode PD, are accumulated in the variable ca-
pacitance portion, the capacitance value of the variable
capacitance portion is set to 2C. When the charges input
from the photodiode PD5 are accumulated in the variable
capacitance portion, the capacitance value of the varia-
ble capacitance portion is set to 3C. When the charges
input from the photodiode PD, are accumulated in the
variable capacitance portion, the capacitance value of
the variable capacitance portion is set to 4C. When the
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charges input from the photodiode PDg are accumulated
inthe variable capacitance portion, the capacitance value
of the variable capacitance portion is set to 2C. When
the charges input from the photodiode PDg are accumu-
lated in the variable capacitance portion, the capacitance
value of the variable capacitance portion is set to C.
[0051] As described above, in the image sensor 20A
according to the first embodiment, the interval at which
each switch SW, is set to the close state is set to an
integral multiple of the base period T, whereby the charge
accumulation time in each photodiode PD,, can be set to
an integral multiple of the base period T. Accordingly,
with respect to each photodiode PD,,, the charge accu-
mulation time can be changed to the extent that the ac-
cumulated charge amount in the junction capacitance
portion is not saturated. Accordingly, the spectroscopic
device 1 provided with the image sensor 20A as de-
scribed above can perform high-sensitivity spectroscopic
measurements in each wavelength.

[0052] Furthermore, with respect to each photodiode
PD,,, by changing the capacitance value of the variable
capacitance portion of the signal processor 22 in accord-
ance with the charge accumulation time, the effect
caused by the difference in charge accumulation time
between the respective photodiodes PD,, is excluded
from the voltage value output from the signal processor
22.

[0053] Forexample, the setting of the charge accumu-
lating time in each photodiode PD,, is carried out as fol-
lows. First, in the state that the charge accumulation time
in each of the photodiodes PD to PDy is set as the base
period T and the capacitance value of the variable ca-
pacitance portion of the signal processor 22 is set to C,
when light having excessive intensity is made incident to
each photodiode PD,, and the accumulated charge
amount in the junction capacitance portion of the photo-
diode PD,, is saturated, the voltage value Vg, output from
the signal processor 22 is determined. Furthermore, in
this state, light to be measured is made incident to each
photodiode PD,,, and the voltage value V,, output from
the signal processor 22 is determined. On the basis of
the ratio (V¢ /V,,) between the voltage value Vg, and the
voltage value V,, it is determined how many times the
base period T should be multiplied to achieve the charge
accumulation time in the photodiode PD,,.

[0054] (Second Embodiment of Image Sensor)
[0055] Next, a second embodiment of the image sen-
sor according to the present invention will be described.
Fig. 4 is a diagram showing the construction of an image
sensor 20B according to the second embodiment. The
image sensor 20B shown in Fig. 4 is suitably used as the
image sensor 20 contained in the spectroscopic device
1 shown in Fig. 1, and it further contains a switching in-
struction part 23B and a control part 24B in addition to
the photodiode array portion 21 and the signal processor
22.

[0056] As compared with the image sensor 20A ac-
cording to the firstembodiment shown in Fig. 2, theimage
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sensor 20B according to the second embodiment shown
in Fig. 4 has the same construction with respect to the
photodiode array portion 21 and the signal processor 22,
however, it is different in that it contains a switching in-
struction part 23B in place of the switching instruction
part 23A, and also in that it contains a control part 24B
in place of the control part 24A.

[0057] The switching instruction part 23B instructs the
switching operation of each of the N switches SW; to
SW\ contained in the photodiode array portion 21. Par-
ticularly, the switching instruction part 23B instructs the
switching operation of each switch SW,, so that the N
switches SW, to SW\ are setto the close state in different
periods, and also the interval at which each switch SW,,
is set to the close state is equal to an integral multiple of
the base period T.

[0058] Specifically, the switching instruction part 23B
contains the shift register SR and the N gate circuits G,
to Gy. On the basis of the start signal and the clock signal
output from the control part 24B, the shift register SR
successively outputs the switching instruction signals S,
to Sy for instructing the switching operation of the re-
spective N switches SW, to SW) as a value instructing
the close state. Each gate circuit G, is provided in cor-
respondence with the switch SW,,. It inputs the switching
instruction signal S,, output from the shift register SR and
also inputs a common control signal T, output from the
control part 24B. When the control signal T, is equal to
a first value, each gate circuit G, directly outputs the
switching instruction signal S, to the switch SW,,, and
when the control signal T is equal to a second value,
each gate circuit G,, outputs the switching instruction sig-
nal having a value instructing the open state to the switch
SW,,.

[0059] For each gate circuit G, a proper logic circuit
(AND circuit, OR circuit, NAND circuit, NOR circuit or the
like) is selected in accordance with the polarity of a signal
instructing the switching operation of the switch SW,,, the
polarity of the switching instruction signal S,, output from
the shift register SR and the polarity of the control signal
T, output from the control part 24B. For example, it is
assumed that when the signal instructing the switching
operation of the switch SW,, is set to a high level, the
switch SW,, is closed, when the switching instruction sig-
nal S, output from the shift register SR is set to a high
level, the switching instruction signal S,, instructs the
close state of the switch SW,, and when the control signal
T, output from the control part 24B is set to a high level,
the gate circuit G,, directly outputs the switching instruc-
tion signal S, to the switch SW,,. In this case, the gate
circuit G, may be constructed by an AND circuit. This
condition is satisfied when the operation is described be-
low.

[0060] The control part 24B outputs signals for control-
ling the operation of the signal processor 22 and the
switching instruction part 23B. Specifically, the control
part 24B outputs a signal for controlling the switching
operation of each of the switches SW0 to SW3 contained
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in the signal processor 22, outputs the start signal and
the clock signal to the shift register SR contained in the
switching instruction part 23B and outputs the common
control signal T, to each gate circuit G, contained in the
switching instruction part 23B.

[0061] Next, an example of the operation of the image
sensor 20B according to the second embodiment will be
described. Fig 5 is a timing chart showing the operation
of the image sensor 20B according to the second em-
bodiment. The start signal and the clock signal supplied
from the control part 24B to the shift register SR, the
switching instruction signals S, to Sg output from the shift
register SR, the common control signal T, supplied from
the control part 24B to the gate circuits G, to Gg and the
amount of charges input to the signal processor 22
through the common output line L are shown from the
upper side in Fig. 5.

[0062] Inthiscase,thevalue of Nissetto6. The switch-
ing instruction part 23B instructs the switching operation
of each switch SW,, so that the interval at which each
switch SW,, is set to the close state is set to one to four
times of the base period T. The capacitance values of
the capacitors C1 to C3 contained in the signal processor
22 are set to C, 2C and 4C, and the capacitance value
of the variable capacitance portion is set to any one of
C, 2C, 3C (=C+2C) and 4C. The following operation is
carried out under the control of the control part 24B.
[0063] The start signal and the clock signal supplied
from the control part 24B to the shift register SR and the
switching instruction signals S, to Sg output from the shift
register SR are the same as the first embodiment.
[0064] The common control signal T, supplied from
the control part 24B to the gate circuits G4 to Gg is as
follows. In the first and fifth cycles, the control signal T,
is set to a high level during the period when any one of
the switching instruction signals S, to Sg output from the
shift register SR is set to a high level, and in the other
period, the control signal T is set to a low level. In the
second cycle, during the period when the switching in-
struction signal S; output from the shift register SR is set
to a high level, the control signal T is set to a high level,
and in the other period, the control signal T is set to a
low level. In the third cycle, during the period when the
switching instruction signal S, or Sg output from the shift
register SR is set to high period, the control signal T is
set to a high level, and in the other period, the control
signal T is set to a low level. In the fourth cycle, during
the period when the switching instruction signal S, or Sg
output from the shift register SR is set to a high level, the
control signal T, is set to a high level, and in the other
period, the control signal T is set to a low level.

[0065] The switching instruction signal output from
each gate circuit G, to the switch SW,, is still the switching
instruction signal S,, output from the shift register SR for
the period when the control signal T is set to a high level,
however, it has a value instructing the open state during
the period when the control signal T is set to a low level.
That is, the switching instruction signal from each gate
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circuit G, to the switch SW/, has a value instructing the
close state when both the switching instruction signal S,
output from the shift register SR and the control signal
T, are set to a high level, however, it has a value instruct-
ing the open state when any one of the switching instruc-
tion signal S,, and the control signal T is setto a low level.
[0066] Accordingly, the switching instruction signal
output from the gate circuit G4 to the switch SW; is still
the switching instruction signal S, output from the shift
register SR in the first, fourth and fifth cycles, however,
ithas a value instructing the open state in the other cycles.
The switching instruction signal output from the gate cir-
cuit G, to the switch SW, is still the switching instruction
signal S, output from the shift register SR in the first, third
and fifth cycles, however, it has a value instructing the
open state in the other cycles.

[0067] The switching instruction signal output from the
gate circuit G5 to the switch SWj is still the switching
instruction signal S; output from the shift register SR in
the first, second and fifth cycles, however, it has a value
instructing the open state in the other cycles. The switch-
ing instruction signal output from the gate circuit G, to
the switch SW, is still the switching instruction signal S,
outputfrom the shiftregister SR in the first and fifth cycles,
however, it has a value instructing the open state in the
other cycles.

[0068] The switching instruction signal output from the
gate circuit G5 to the switch SWjs is still the switching
instruction signal Sg output from the shift register SR in
the first, third and fifth cycles, however, it has a value
instructing the open state in the other cycles. The switch-
ing instruction signal output from the gate circuit Gg to
the switch SWy is still the switching instruction signal Sg
output from the shift register SR in the first, fourth and
fifth cycles, however, it has a value instructing the open
state in the other cycles.

[0069] Each switch SW, contained in the photodiode
array portion 21 is closed during the period when the
switching instruction signal arriving from the gate circuit
G, is set to a high level, and it is opened in the other
period. As a result, in the operation of the second em-
bodiment, the switching operation of each switch SW,
and the operation of the signal processor 22 are the same
as the operation of the first embodiment.

[0070] As described above, according to the image
sensor 20B according to the second embodiment, by set-
ting the interval of the close state of each switch SW,, to
an integral multiple of the base period T, the charge ac-
cumulation time in each photodiode PD,, can be set to
an integral multiple of the base period T, whereby the
charge accumulation time can be changed to the extent
that the accumulated charge amount in the junction ca-
pacitance portion with respect to each photodiode PD,,
is not saturated. Accordingly, the spectroscopic device
1 having the image sensor 20B as described above can
perform high-sensitivity spectroscopic measurement in
each wavelength.

[0071] Furthermore, by changing the capacitance val-
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ue of the variable capacitance portion of the signal proc-
essor 2 in accordance with the charge accumulation time
with respect to each photodiode PD,,, the effect caused
by the difference in charge accumulation time among the
respective photodiodes PD,, is excluded from the voltage
value output from the signal processor 22.

[0072] Furthermore, as compared with the construc-
tion of the image sensor 20A of the first embodiment, in
the image sensor 20B of the second embodiment, the
common control signal T is supplied from the control
part 24B to the N gate circuits G4 to Gy, and thus it is
sufficient to provide only one wire for the control signal
To. Accordingly, the image sensor 20B according to the
second embodiment can be miniaturized, and thus man-
ufactured at a low price.

Claims
1. Animage sensor comprising:

N photodiodes PD, to PDy each of which gen-
erates charges whose amount corresponds to
the amount of light received,

N switches SW, to SWy that are provided in
one-to-one correspondence to the N photodi-
odes PD, to PD,, each of the N switches being
provided between the corresponding photodi-
ode and common output line, N representing an
integer of 2 or more, and n representing an in-
tegerfrom notless than 1 to notmore than N; and
a switching instruction part for instructing the
switching operation of each of the N switches
SW, to SWy, wherein

the switching instruction part instructs the
switching operation of each switch SW,, so that
the N switches SW, to SW\ are set to a close
statein different periods, and aninterval at which
each switch state SW,, is set to the close state
is equal to an integral multiple of a base period.

2. The image sensor according to claim 1,
wherein the switching instruction part includes
a shift register for successively outputting switching
instruction signals S to Sy for instructing the switch-
ing operation of each of the N switches SW, to SWy
as a value instructing the close state, and
N gate circuits G, to Gy provided in one-to-one cor-
respondence to the N switches SW, to SWy, wherein
each gate circuit G, inputs a switching instruction
signal S, output from the shift register and also inputs
a control signal T, and each gate circuit G,, directly
outputs the switching instruction signal S, to a switch
SW,, when the control signal T, is equal to a first
value, and outputs a switching instruction signal hav-
ing a value instructing an open state to the switch
SW,, when the control signal T, is equal to a second
value.
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3.

The image sensor according to claim 1, wherein the
switching instruction part includes

a shift register for successively outputting switching
instruction signals S, to Sy, for instructing the switch-
ing operation of each of the N switches SW, to SWy
as a value instructing the close state, and

N gate circuits G, to Gy, that are provided in one-to-
one correspondence to the N switches SW, to SW,,
wherein

each gate circuit G, inputs a switching instruction
signal S, output from the shift register and also inputs
a common control signal To, whereby when the con-
trol signal Ty is equal to a first value, each gate circuit
G, directly outputs the switching instruction signal
S, to the switch SW,,, and when the control signal
Ty is equal to a second value, each gate circuit G,
outputs the switching instruction signal having a val-
ue instructing the open state to the switch SW,,.

The image sensor according to claim 1, further com-
prising a signal processor for accumulating charges
input from each photodiode PD,, through the switch
SW,, and the common output line into a variable ca-
pacitance portion whose capacitance value is vari-
able, and outputting the voltage value corresponding
to the ratio between the amount of charges accumu-
lated in the variable capacitance portion and the ca-
pacitance value of the variable capacitance portion.

A spectroscopic device comprising a light source for
outputting light, a spectroscope for spectroscopically
separating light output from the light source and
transmitted through a sample, and the image sensor
according to claim 1 for receiving light of each wave-
length which is spectroscopically separated by the
spectroscope.
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